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Relation  of  Heat  Treatment  to  the  Microstriieture  of 

60-40  Brass 

By  Robert  S.  Williams,*  Ph.D.,  Victor  O.  HoMEREERG,t  P.D., 
Cambridge,  Mass. 

(New  York  Meeting,  February,  1924) 

A  deacri-piion  is  given  of  a  double  heat  treatment  of  00-40  brass.  Photomicrographs 
are  included  to  show  the  changes  that  take  place  in  the  microstructure  on  reheating 
the  water-quenched  specimens.  A  wide  variation  in  the  mechanical  properties  may 
be  obtained  by  the  described  heat-treatment  method. 

On  SEVERAL  occasions,  when  60-40  brass  is  first  obtained  in  the  beta 
condition  by  quenching  at  about  825°  C.  and  is  then  reheated,  the  writers 
have  noticed  that  recrystalHzation  will  take  place  in  the  form  of  twin  crys- 
tals at  the  grain  boundaries  of  the  original  beta  crystals.  It  was,  there- 
fore, thought  that  interesting  results  would  be  obtained  if  this  twinning 
process  was  studied  further,  especially  as  to  the  temperature  at  which 
it  first  occurs.  The  material  used  in  the  investigation  w^as  a  bar  of 
extruded  muntz  metal,  }'2  in.  in  diameter,  and  of  the  following  com- 
position: Copper,  60.21  per  cent.;  zinc,  39.73  per  cent.;  lead,  trace; 
iron,  trace;  tin,  nil. 

Specimens  1  in.  in  length  were  sawed  from  this  bar  and  a  hole  was 
drilled  into  the  side  of  each  specimen  until  it  reached  the  center,  and  the 
tip  of  a  platinum-platinum  rhodium  thermocouple  was  inserted.  A 
small  Hoskins'  resistance-type  electric  furnace  was  used  for  heating 
the  specimens. 

The  specimens  were  first  heated  at  840°  C.  for  2  hr.  and  then  quenched 
in  cold  water,  in  order  to  get  the  material  entirely  in  the  l)eta  state. 
In  every  case,  in  the  reheating  process,  the  furnace  was  brought  to  the 
desired  temperature  before  the  specimen  was  introduced.  The  time 
occupied  in  preheating  was  from  20  to  30  min.  By  sawing  back  }'i 
in.  on  each  side  of  the  hole,  two  parts  were  obtained  from  each  specimen 
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and  (hiplicatc  obsci'vutions  wore  possible  The  specimens  were  held 
at  the  rclieating  toniporatvires  for  periods  of  15  niin..  30  niin.,  1,  2,  and 
4  hr.  All  specimens  were  etched  with  a  freshly  prepared  mixture  of 
equal  volumes  of  concentrated  NH4OH  and  H2O2. 

A  reheating  of  the  quenched  specimen  resulted  in  a  breakdown 
of  the  beta  into  finely  divided  alpha.  Figs.  1  and  2  show  this  condi- 
tion in  the  specimens  reheated  at  440°  C.  for  3^  hr.  and  1  hr.  respec- 
tively. No  indication  of  the  production  of  alpha  twins  was  apparent 
in  these  specimens. 

Carpenter^  has  shown  that  there  is  a  thermal  change  at  a})out  470''  C, 
as  first  determined  by  Roberts-Austen-  ])ut  attributed  to  experimental 
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Fig.  1. — Specimen  hehI' ated  at  440°  C 
FOR  30  MIN.   X  100. 


Fig.  2. — Specimen  reheated  at  440°  C 
FOR  1  HR.   X  100. 


defects  in  the  apparatus  by  Shepherd,^  Tafel,''  and  Bornemann.^  Carpen- 
ter detected  this  critical  point  pyrometrically  by  both  heating  and  cooling 
curves  in  all  alloys  of  copper  and  zinc  ranging  from  63  to  40  per  cent, 
copper.  He  concluded  that  at  470°  C,  on  cooling,  beta  splits  up  into 
alpha  and  gamma. 


^  H.  C.  H.  Carpenter  and  C.  A.  Edwards:  "A  New  Critical  Point  in  Copper  Zinc 
Alloys."     Jrtl.  Inst,  of  Metals  (1911)  5,  127-149. 

-  Roberts- Austen:  Fourth  Report  to  the  Alloys  Research  Committee  of  the 
Institution  of  INlechanical  Engineers  (1897)  31-100. 

'  E.  S.  Shepherd:  ''The  Constitution  of  the  Copper-zinc  Alloys."  Jul.  Phys. 
Chcm.  (1904)  8,  421. 

'  V.  E.  Tafel:  Metallim/ie  (1908)  5,  378. 

■"'  K.  Rorneniann:  Mctnllin-gie  (1909)  6,  247. 
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Stead  and  Stcdman'^  subjected  specimens  of  cast  and  cold-rolled 
mimtz  metal  to  prolonged  heating  of  3  months  at  430°  C.  and  for  984 
hr.  at  270°  C,  but  failed  to  detect  any  clear  evidence  of  segregated  gamma 
and,  therefore,  held  the  tentative  view  that  the  disappearance  of  the  beta 
constituent  was  due  entirely  to  solution  in  the  alpha. 

The  critical  point  was  again  considered  by  Hudson,^  who  contended 
that  the  heat  effect  must  be  due  to  a  polymorphic  transformation  of  the 
beta  constituent  from  beta  to  beta  prime,  and  advanced  evidence 
to    support    his    belief.     Hudson    gave    evidence    of    the  formation  of 
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Fig.  3. — Equilibrium  diagram  of  copper-zinc  system. 

beta  prime  by  annealing  alpha  +  gamma  at  temperatures  below  the 
critical  point. 

Recently  an  equilibrium  diagram  of  the  copper-zinc  system  has  been 
obtained  by  Imai,^  chiefly  by  means  of  electric-resistance  measurements. 
This  diagram,  Fig.  3,  nearly  coincides  with  those  of  Shepherd  and  Tafel. 
As  to  the  transformation  of  the  beta  constituent,  Imai  obtained  a  nega- 
tive result  for  a  eutectoid  separation  or  an  allotropic  change. 

A  significant  result  of  the  present  investigation  is  that  recrystalliza- 
tion  is  shown  to  begin  at  about  460°  C.  The  first  indication  of  recrystalli- 
zation,  in  the  form  of  twinning  at  the  grain  boundaries  of  the  original 

"•  J.  E.  Stead  and  H.  G.  A.  Stedman:  "  Muntz  Metal."  Jnl.  Inst,  of  Metals  (1914) 
11,  119-134. 

^O.  F.  Hudson:  "The  Critical  Point  at  460°  C.  in  Zinc-copper  Alloys."  Jul. 
Inst,  of  Metals  (1914)  12,  89-101. 

8  Imai:  "Equilibrium  of  the  Copper-zinc  System."  Hci.  Repta.  Tohoku  Imperial 
Univ.,  11,  313-332. 
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Fig.    4. — Specimen   reheated    at  465°  C.       Fig.    5. — Specimen    reheated  at   465°  C. 

FOR    2    HR.        X   100.  FOR    80    HR.        X    100. 
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Fig.    6. — Specimen    reheated    at  495  °C.       Fig.    7. — Specimen   reheated   at  495°  C. 

FOR    15    MIN.        X   100.  FOR    30    MIN.        X   100. 
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Fig.    8. — Specimen   reheated    at  ■(495°  C. 
FOR   1    HR.       X  100. 


Fig.    9. — Specimen   reheated   at   500°  C. 
FOR  2  HR.       X  100. 


Fig.   10. — Specimen   reheated  at  500°  C.       Fig.   11. — Specimen   reheated  at  530°  C 

FOR    4    HR.        X    100.  FOR    15    MIN.        X    100. 
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Fig.   12. — Specimen  reheated  at  530°  C.       Fig.   13. — Spectmex  reheated  at  .330"   C 

FOR    30    MIN.        X    100.  FOR    1    HR.        X    100. 


Fig.  14. — Specimen  reheated  at  530°  C. 

FOR    2   HR.        X   100. 


Fig.   15. — Specimen  reheated    at  575°  C. 
FOR   15  MIN.       X  100. 


ROBERT   S.    WILLIAMS   AND   \  K'TOR   O.    UnMiasltERG 


/f-.S'i-fcfj 


^j^-^^^i 


^*/     ^j  4^  -  ^^ '«-.  •^'^^  ' 'T»*  I    #^4 


Fig.  16. — Specimen  reheated  at  575°  C.   Fig.  17. — Specimen  keheated  at  575°  C, 

.FOR  30  MIN.   X  100.  FOR  1  HR.   X  100. 
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Fig.  is. — Specimen  reheated  at  575°  C. 
FOR   2   HR.       X  100. 


Fig.   19. — Specimen  reheated  at  575°  C. 
FOR  4  HR.       X  100. 
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Fig.  20. — Specimen  reheated  at  1105°  C.       Fig.  21. — Specimen  reheated  at  00.5°  C. 

FOR    li5    MIN.        X   100.  FOR    45    MIN.        X   100. 


Fig.  22. — Specimen  reheated  at  605°  C.       Fig.  23. — Specimen  reheated  at  605°  C. 

FOR    1    HR.        X   100.  FOR    2    HR.        X   100. 
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Fig.  24. — riPEcniEx  reheated  at  GG0°  C.       Fig.  25. — Specimen  reheated  at  GG0°  C. 

FOR    15    MIN.        X    100.  FOR    30    MIN.        X    100. 
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Fig.  26. — Specimen  reheated  at  GGO*^  C.       Fig.  27. — Specimen  reheated  at  660°  C. 

FOR    1    HR.        X   100.  FOR    2    HR.        X   100. 
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Fig.  28. — Specimen  hehkated  at  060°  C.       Fig.   29. — Specimex  1{i,hkati,d  at   loO'   C. 
FOR   4   HR.       X   100.  FOR   2   HR.       X  250. 
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Fi(i.  ;>(). — Specimen  reheated  at  200°  C.       Fig.  31. — Specimen  reheated  at  200°  C. 

AND    quenched    IN    WATER.        X   2.50.  FOR    1    HR.        X   250. 
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Fig.  32.- 


-Speciaien  reheated  at  200°  C. 
FOR   2   HR.       X  250. 


Fig.   '.j3. — .SrEciMEX  reheated  at  300°  C. 
FOR   3   HR.       X  250. 


Fig.  34. — Specimen  reheated  at  400°  C. 
FOR   2  HR.       X  250. 


Fig.  35. — Specimen  reheated  at  460°  C. 
FOR   2   HR.       X  250. 
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36. — .Specimen  keheated  at  500°  C.       Fig.  37. — Specimen  reheated  at  600°  C. 

FOR   2    HR.       X  250.  FOR    2   HR.       X  250. 
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Fig.  38. — Specimen  heheatf.d  at  700°  C.   Fig.  39. — Specimen  reheated  at  750°  C. 
FOR  2  HR.   X  250.  FOR  2  HR.   X  250. 
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beta  crystals,  is  shown  in  Fig.  4;  this  specimen  was  reheated  at  465°  C. 
for  2  hr.  In  Fig.  5  is  shown  a  specimen  reheated  at  455°  C.  for  80  hr. ; 
this  shows  a  number  of  alpha  twins  together  with  considerable  needlelike 
alpha.  The  present  writers  were  unable  to  obtain  the  gamma  constituent 
in  (50-40  brass. 

The  presence  of  alpha  twins  at  the  grain  boundaries  of  the  original 
beta  grains  becomes  more  marked  as  the  temperature  and  the  time  of 
reheating  are  increased;  the  various  stages  are  shown  in  Figs.  6  to  28. 
The  appearance  of  the  fine  boundaries  of  the  beta  grains  and  unabsorbed 
alpha  is  shown  in  Figs.  27  and  28.  All  specimens  were  quenched  in  water 
from  the  reheating  temperature. 

To  corroborate  the  results  obtained  with  bar  No.  1,  another  rod  was 
selected,  sawed  into  specimens,  and  prepared  in  the  same  manner.  The 
composition  of  the  bar  was:  Copper,  61.05  per  cent.;  zinc  (by  difference), 
38.90  per  cent.;  lead,  0.05  per  cent.;  iron,  trace;  tin,  nil. 

All  of  the  specimens  were  heated  at  825°  C.  for  2  hr.  and  quenched  in 
cold  brine  and  then  reheated  at  the  following  temperatures:  150,  200, 
300,  400,  460,  500,  600,  700,  and  750°  C.  One  set  was  quenched  as  soon 
as  the  reheating  temperature  was  reached.  Other  specimens  were  held 
at  the  respective  temperatures  for  periods  of  i^,  1,  2,  and  4  hr.  and  then 
quenched  in  water.     Figs.  29  to  39,  show  the  structures  obtained. 

Again,  there  resulted  a  breakdown  of  the  beta  into  a  very  fine  alpha, 
which  closely  resembles  martensite  as  shown  in  Fig.  34.  Finely  divided 
alpha  was  obtained  after  reheating  at  200°  C.  for  1  hr.  The  beta  grains 
with  fringes  of  alpha  at  the  grain  boundaries  are  shown  in  Figs.  29  and  30. 
In  almost  every  case,  with  the  exception  of  the  specimens  prepared  from 
bar  No.  1,  an  alpha  fringe  was  obtained  after  quenching  in  an  attempt 
to  obtain  beta  alone.  This  alpha  fringe  seldom,  if  ever,  forms  twin 
crystals  on  anneahng  but  gradually  goes  into  solution  as  the  reheating 
temperature  is  increased.  This  fact  is  rather  remarkable  inasmuch  as 
the  alpha  resulting  from  the  breakdown  of  the  beta  forms  twin  crystals 
of  alpha  at  about  460°  C.  as  shown  in  Fig.  35. 

If  extruded  material  is  annealed,  the  alpha  masses  will  ultimately 
form  twin  crj^stals.  If  this  extruded  material  is  heated  into  the  beta 
range,  cooled  in  the  furnace,  and  then  reheated,  the  resultant  alpha 
masses  will  not  form  twin  crystals  but  will  gradually  go  into  solution  to 
form  beta  as  the  reheating  temperature  is  increased.  If  the  material 
containing  the  alpha  fringes  at  the  grain  boundaries  is  compressed,  the 
fringed  alpha  will  form  twin  crystals  on  annealing,  as  would  be  expected 
from  the  well-known  fact  that  mechanical  work  and  anneahng  are  both 
necessary  for  the  production  of  twinned  alpha.  The  fact  that  twinned 
alpha  results  from  the  anneahng  of  quenched  beta  must  imply  that  the 
operation  of  quenching  is,  in  this  case,  equivalent  to  working.  In 
this  connection,  attention  is  again  called  to  the  fact  that  the  fringe  of 
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alpha  docs  not  fonu  tlicsc  twin  crystals.  The  alpha  must  be  worked 
before  it  will  form  twin  crystals  on  annealing;  this  phenomenon  is  well 
known.  It  seems  strange,  therefore,  that  the  alpha  resulting  from  the 
breakdown  of  the  beta,  on  reheating,  should  form  twin  crystals  and  that 
the  fringe  of  alpha  does  not  form  these  twin  crystals. 

Another  interesting  fact  was  observed  when  working  with  bar  No.  1. 
In  the  discussion  of  Carpenter's  paper,  it  was  stated  that  muntz  metal 
should  be  heated  at  850°  C.  for  5  hr.  and  then  quenched  under  very 
definite  conditions  in  order  to  obtain  beta  free  from  alpha.  Specimens 
from  bar  No.  1  were  heated  at  830°  C.  for  periods  varying  from  15  min.  to 
4  hr,  and  quenched  in  cold  brine.  The  specimen  that  was  quenched  after 
15  min.  heating  showed  no  alpha.  All  of  the  specimens  were  practically 
free  from  alpha  at  the  grain  boundaries;  this  result  would  indicate  that 
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Fig.  40. — Brinzll  hardxess  at  various  reheatixg  temperatures. 
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the  rate  of  cooling  is  the  important  factor  to  consider  and  that  5  hr. 
heating,  as  suggested  by  Carpenter,  is  unnecessary. 

Fig.  36  shows  the  structure  to  be  almost  entirely  twinned  alpha.  As 
the  temperature  is  increased  the  proportion  of  beta  also  increases.  Fig. 
39  shows  the  presence  of  both  twinned  alpha,  which  represents  alpha 
that  has  not  been  absorbed,  and  granular  alpha,  w4iich  is  the  alpha  that 
comes  out  of  the  beta  on  quenching. 

It  is  obvious  that  a  range  of  mechanical  properties  might  be  anticipated 
from  the  various  structures  obtained  on  reheating.  Brinell  hardness 
values  were  determined  on  the  specimens  from  rod  No.  2.  The  accom- 
panying table  and  Fig.  40  show  interesting  results  for  Brinell  hardness 
under  a  3000-kg.  load.  It  will  be  noted  that  the  maximum  hardness  is 
obtained  at  a  reheating  temperature  of  200°  C;  and  as  the  structure 
becomes  coarsened,  the  hardness  values  drop,  reaching  a  minimum 
between  460  and  500°  C.  This  minmium  value  is  at  the  point  at  which  the 
structure  is  practically  all  twinned  alpha;  the  hardness  increases  slowly 
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as  the  proportion  of  beta  increases.     Tlie  time  of  reheating  for  the 
specimens  that  were  tested  was  2  hours. 


Reheating 

Temperature. 

Degrees  C. 

Brixell 
Hardness 
(3000  Kg.) 

Reheatixg 

Te.mperature, 

Degrees  C. 
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Hard.vess 
(3000  Kg.) 

Reheati.vg 

Temperature, 

Degrees  C. 

Brixell 
Hardness 
(3000  Kg.) 

150 

126 

400 

131.0 

600 

90.3 

200 

217 

460 

92.0 

700 

99.2 

300 

179 

500 

87.1 

750 

111.0 

Conclusions 

Specimens  of  60-40  brass,  when  quenched  to  form  beta,  break  down 
into  finely  divided  alpha  at  approximately  200°  C.  This  alpha  gets 
coarser  as  the  reheating  temperature  is  increased  and  forms  twinned 
alpha  at  450-460°  C.  At  this  temperature  the  material  consists  almost 
entirely  of  alpha  twins.  The  twin  crystals  form  first  at  the  grain  bounda- 
ries of  the  original  beta  grains,  provided  there  is  no  alpha  fringe  at  these 
boundaries.  As  the  reheating  temperature  is  increased,  beta  becomes 
more  prominent  because  of  the  absorption  of  the  alpha. 

The  alpha  fringe  is  gradually  absorbed  without  the  formation  of  twin 
crystals  as  the  reheating  temperature  is  increased.  This  fringe  will 
form  twin  crystals  if  it  is  subjected  to  cold  work  before  it  is  annealed. 

The  alpha  masses  in  extruded  60-40  brass  form  twin  crystals  on 
annealing,  but  such  is  not  the  case  with  material  heated  at  825°  C,  cooled 
slowly  in  the  furnace,  and  then  annealed. 

The  Brinell  hardness  is  a  maximum  at  the  point  where  the  alpha 
resulting  from  the  breakdown  of  the  beta  is  in  the  most  finely  subdivided 
state.  It  is  a  minimum  at  the  temperature  at  which  the  material  consists 
of  twinned  alpha;  it  increases  again  as  the  quantity  of  beta  increases. 

A  wide  range  of  mechanical  properties  is  predicted  for  60-40  brass 
when  subjected  to  a  double  heat  treatment. 
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